ABSTRACT: Jellyfish blooms are conspicuous demographic events with significant ecological 13 and socio-economic impact, as they alter aquatic food webs. Despite worldwide concern about 14 an increased frequency and intensity of jellyfish outbreaks, we are challenged to predict their 15 booms and busts. To overcome this issue, we need to identify the ecological drivers of jellyfish 
INTRODUCTION

35
Jellyfish blooms are demographic events in which the population density of one life stage, the 36 medusa, shows distinct peaks over broad temporal and regional scales (Lucas et al. 2012 ). Such (Möller 1980 , Schneider 1989 
MATERIALS AND METHODS
81
Model organism
82
The common jellyfish Aurelia aurita s.l. (Scyphozoa, Cnidaria) belongs to an ubiquitous, 83 cosmopolitan genus with several species and subspecies (Dawson 2003 Nor to 1-L aquaria with constant air supply. We kept these adult medusae either under complete 143 starvation (n = 16) or under food concentrations of ~1000 µg C ind. Estimating stage-specific rates 149 We used the experimental data collected in the lab to parameterize age-stage-structured matrix 150 population models. For these models, we used discrete time steps of one month to estimate 151 survival, fecundity, and stage transitions of A. aurita between age x and age x+1. Stages included 152 larvae (L), polyps (P), ephyrae (E) and medusae (M). Since the empirical data was either based 153 on daily (L, M) or weekly records (P, E), we first estimated monthly demographic rates for each 154 life-stage i under low and high food conditions, respectively. We determined the fecundity of 155 polyps under low and high food conditions from monthly budding rates and ephyra release rates.
156
We estimated the number of planula larvae carried per adult female medusa (N L , ind. ind. per medusa, we calculated the daily release of planula larvae (ρ, ind. ind. (Goldstein & Riisgård 2016 ). We converted the daily release rates into monthly fecundity of 163 medusae, assuming a sex ratio of 1:1.
164
To convert any of the daily or weekly transition probabilities and fertilities to monthly rates, 165 we assumed that individuals that died during a given month, had died halfway during this month, 166 i.e., they have lived half the month on average. This assumption is needed since both transition 167 and fecundity rates between subsequent time steps depend on survivorship within each monthly 168 time step, as for instance, a medusa might still release larvae before its death during a given 169 month. Some ephyrae completed transition to the medusa stage within less than a month after 170 they were released by a polyp. We therefore corrected the monthly release of ephyrae by polyps Demographic parameters and population projection 202 We analyzed our two (low and high food) population projection matrices using R version 3. 
RESULTS
238
Demographic dynamics of Aurelia aurita under low and high food levels 239 The metagenic life cycle of Aurelia aurita (Fig. 1a) was resembled by cyclic (imprimitive) 240 structure of our matrix model, expressing annual peak and pit dynamics in projected population 241 density (Fig. 2) . The calibrated population growth rate under 10-fold increased food levels was λ 242 = respectively. The projected winter warming trend enhanced the variability in inter-annual 313 population structure in both food treatments. We also observed slightly more distinct peak and 314 pit dynamics in population density (Fig. 2a) . The stable population structure of A. aurita we 315 predicted for winter warming shifted slightly towards ephyrae (0.08) and medusae (0.03), with 316 polyps still dominating (0.9) under low food levels (Fig. 2b) . In relative terms, we observed 1.2 317 % more medusae, 3.8 % more ephyrae and 5.0 % less polyps per year. Under high food levels, 318 our increased winter temperature scenario shifted the stable stage distribution to 9.9 % more 319 medusae, 2.3 % less ephyrae and 7.6 % less polyps (see Table S5 food levels (Fig. 2b) . show that the intensity and frequency of jellyfish booms and busts is subject to specific 340 ecological triggers. We illustrate that the typical peak and pit dynamics of jellyfish populations is an inevitable prerequisite in providing perspective for future management of jellyfish blooms. 
